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Introduction
Understanding the predictors and process of risky sexual behavior has important public health implications given associations between sexual risk-taking and negative health and quality of life outcomes, including STD/STI and unintended pregnancy 1, 2 . Previous research has shown childhood adversity to be a powerful predictor of increased risk-taking during adolescence and young adulthood, including risky sexual behavior 3, 4 . This developmental period is of particular interest in the study of sexual risk behavior, as it is characterized by critical transitions including puberty, sexual debut, and sexual identity formation 5 . Related to these developmental changes, there is a well-documented normative increase in risk-taking during adolescence 5 . However, these increases are not evenly distributed across social groups, with comparatively large increases observed among males and disadvantaged groups 6 . Life history theory (LHT) may offer a useful lens for investigating this process, as it provides a comprehensive theoretical framework with testable predictions regarding the influence of adversity, broadly defined, on risky sexual behavior in adolescence and young adulthood 3 .
LHT posits that in response to various types of adversity, individuals make biobehavioral tradeoffs in their allocation of time and energy to maximize the primary evolutionary outcomes of survival and reproduction (i.e., fitness) 3 . These trade-offs manifest as developmental adaptions to one's environment, which promote fitness via behavioral strategies calibrated by early social environmental experiences, particularly early rearing environment 7 . Of particular interest here is the LHT trade-off of mating v. parenting effort, which may be measured by behavioral indicators such as earlier sexual debut and a greater number of sexual partners 8, 9 . Specifically, LHT posits that experiencing more unpredictable/harsh early environments predispose individuals to maximize short term mating, which can readily be achieved in adolescence by earlier sexual debut and engaging in nonmonogamous sex, at the expense of longer term parental investment 10 .
The sum of one's life history trade-offs across development may be conceptualized as a life history strategy 3 . Life history strategies are typically conceptualized as a continuum of "fast" to "slow", calibrated by one's time horizon as indicated by the level of unpredictability/harshness (i.e., adversity) in one's early environment 11 . Previous research has shown that early experiences of adverse environments are indeed strong predictors of a fast life history strategy 4, 10 . This includes unpredictable environments, including parental job loss, divorce/conflict, and frequent changes in household composition, as well as harsh environmental exposures, such as childhood maltreatment, low socioeconomic status (SES), and racial discrimination 12, 13 . Individuals exposed to harsh or unpredictable types of social disadvantage have been shown to, on average, exhibit faster life history strategies than those who are not exposed to such environments 4 . Thus, LHT theorizes that early experiences of social disadvantage signal a shorter time horizon with increased risk of mortality, which encourages the biobehavioral development of fast strategies 1, 10, 14 .
This signal of increased mortality risk is not restricted to external environmental cues. Rather, a burgeoning perspective within LHT has proposed that internal states of health and illness can also signal shorter time horizons with increased risk of mortality, and thus trigger developmental shifts toward fast life history strategies 8, 9 . Proposed indictors of such adverse internal states include chronic illness, functional limitations, and disability 8, 10 . Thus, if an internal predictor (e.g., illness or disability) signals increased risk of early mortality, this could foster biobehavioral adaptations toward fast LH strategies, including maximizing short term mating at the expense of longer term parental investment 15, 16 . The current study aims to elaborate on this growing area of research and represents a notable extension of LHT, as little research to date has empirically considered the impact of physical illness and disability on life history strategies.
We hypothesize: H1: Individuals who experience more social disadvantage (e.g., severe childhood adversity [e.g., sexual abuse], racial/ethnic disadvantage, low SES) will be more likely to engage in nonmonogamous sex than those who experience greater social advantage. H2: Physical illness and functional limitations will be positively associated with engaging in nonmonogamous sex. H3:
Physical illness and functional limitations will increase the impact of social disadvantage on sexual risktaking.
Methods

Sample
We use data from the first two waves of the National Longitudinal Study of Adolescent Health (Add Health). Add Health is the largest nationally representative contemporary sample of adolescents to young adults in the United States, and includes an over-sampling of racial/ethnic minorities. Sample features have been previously described (http://www.cpc.unc.edu/projects/addhealth/design). 17, 18 Briefly, a sample of 20,745 adolescents in grades 7-12 were initially assayed for data collection in 1994-1995 (Wave 1), and then again 18 months later in 1996 (Wave 2). In Wave 1, a questionnaire was administered to a selected residential parent of each adolescent, from which some covariates in the present analysis were derived (e.g., childhood household income, parental educational attainment).
Measures
Sexual risk-taking: We examined two items from Add Health, at each of the two analyzed waves, to examine causal sex as compared to monogamous sex and abstinence. The first question asked whether the individual has ever had sex, and the second asked if the individual has ever had sex outside of a romantic relationship, in the past 12 months. Individuals reporting yes to both items were coded as "nonmonogamous sex"; those reporting that they have had sex, but not sex outside of a relationship in the past 12 months, were coded as "monogamous sex"; and those reporting that they had not had sex were coded as "no sex" (i.e., "abstinent"). Logical inconsistences between items were coded missing and addressed by multiple imputation (see below). . We opt for the term "physical illness" as self-rated health has the strongest standardized loading, by a substantial margin, of the CFA indicators (see Supplemental Table   S1 ), suggesting that physical health/illness is indeed the dimension captured by the CFA.
Severe childhood adversity: Measures of childhood adversity comprised five dichotomous indicators: sexual abuse, physical abuse, neglect, drugs/alcohol accessible at home, and parental incarceration, occurring in adolescence. These five severe childhood adversities are described in detail in Supplemental Methods. Briefly, each of the five childhood adversities was retrospectively assessed and queried childhood and adolescent experiences using multiple questionnaire items. A cumulative adversity count ranging from 0 to 5 was used in the primary analysis; sensitivity analyses examining the effects of the individual childhood adversities are presented in Supplemental Table S6 .
Sociodemographic characteristics: All presented models included a set of sociodemographic covariates characterizing the adolescent's social background. These included household SES measures for parental education and household income assessed at Wave 1. These measures have been previously described 17 , and are described in detail in Supplemental Methods. Both parental education and income were standardized in the analysis. Self-reported race/ethnicity (coded Black, Asian, Hispanic, White (ref) , and Other), nativity (i.e., first-generation immigrant status), and age were also included as covariates in all presented models.
Analytical strategy
There was a small-to-moderate amount of missing data at both waves (<30% missing for all analysis variable and <4% for most; see Supplemental Table S2 ). We addressed missing data using the multiple imputation (MI) method, multiple imputation with chained equations (MICE). 20, 21 We used a conservative 30 imputations in all MI analyses 22 . Additional MI details are presented in Supplemental Methods.
Our primary analytical approach pools data from Waves 1 and 2 to maximize statistical power (wave-specific sensitivity analyses are also reported in Supplemental Tables S3 and S4 ). Thus, primary inferential analyses use mixed effects multinomial logistic regression. Mixed effects multinomial logistic regression is used to model a polytomous outcome variable with X categories (three categories, here), with X-1 logistic comparisons (nonmonogamous sex v. monogamous sex, and nonmonogamous sex v.
abstinence) using a common reference category (nonmonogamous sex). In each of these comparison, the logged odds of the outcomes are predicted by a linear combination of the predictor variables, with a random intercept at the cluster level specified to account for the multilevel data structure in which observations are nested within subjects. Among other benefits, the random intercept corrects standard errors and coefficients for the nonindependence of observations within subjects. 23 The model was developed sequentially, beginning with (1) 
Results
Descriptive statistics for the analysis variables are detailed in Table 1 Primary inferential analyses comprise four nested mixed effects multinomial logistic regressions comparing the odds of engaging in monogamous sex (Comparison 1) and abstaining from sex (Comparison 2), versus the reference category-engaging in nonmonogamous sex. Given the large number of parameters estimated by these multinomial logistic regressions, we primarily focus discussion on the coefficients directly relevant to our hypotheses and avoid the discussion of most nonsignificant coefficients (which are, however, fully documented in Table 2 ).
Model 1: Social Disadvantage
The first, baseline model in the series includes sociodemographic characteristics (i.e., nativity, race/ethnicity, gender, childhood SES) and cumulative severe childhood adversity, in order to map the effects of social disadvantage on sexual risk behavior. As shown in increasing the probability of engaging in nonmonogamous sex. Similarly, the protective factor of increased parental education is also attenuated by illness, decreasing the probability of abstaining (OR=0.947, p<0.05) compared to engaging in nonmonogamous sex.
Model 3: Moderation of Social Disadvantage by Physical Illness
Model 4: Final Model
The fourth and final model includes all sociodemographic variables, cumulative severe adversity, illness, and the three significant illness interactions from Model 3. All noted findings from Model 3 where substantively unchanged. Thus, in addition to significant positive associations of several social disadvantages and physical illness to nonmonogamous sex, three interactions were significant in the abstinence versus nonmonogamous sex comparison (Comparison 2). Hence, being both ill and female decreased the odds of abstaining by 15.5% (p<0.001; see Figure 2 , first panel). Similarly, being ill with higher parental educational attainment decreased the odds of abstaining by 4.8% (p<0.05). Thus, again, the protective factor of higher parental education (OR=1.154, p<0.001) was diminished by illness (OR=0.789, p<0.001; Figure 2 , second panel). Finally, black adolescents who were also ill had increased odds of abstaining by 22.5% (p<0.001). As with the other two significant interactions visualized in Figure   2 , this is another case of physical illness attenuating the protective influence of an advantaged social status, white racial identity in this case.
Various sensitivity analyses were conducted, and the results uniformly support the robustness of our primary analysis (see Supplemental Methods and Supplemental Table S3-S6 for details) .
Specifically, sensitivity analysis comparing pooled data to wave-specific cross-sectional analyses supported robustness of the model in both mid and late adolescence (Supplemental Tables S3 and S4); comparison of complete case analysis to MI analyses supported our use of multiple imputation (Supplemental Table S5 ); and analyzing the five severe childhood adversity indicators separately, supported their aggregation into a cumulative index (Supplemental Table S6 ).
Discussion
This study's primary aim was to examine the interactive impact of social disadvantage and physical illness on risky sexual behavior using the largest nationally representative sample of US adolescents and young adults. The analysis was guided by life history theory, which suggests that increased risk-taking may serve as an adaptive response to social disadvantage and physical illness, as individuals adapt to potentially abbreviated time horizons to maximize fitness via earlier, and more active, sexual behavior, at the expense of longer term parental investment strategies 4, 24, 25 . The current results generally support these hypotheses, as the study found that adolescents who report higher levels of physical illness and social disadvantage are, indeed, more likely to engage in nonmonogamous sex compared to either monogamous sex or abstinence. Further, this study found that physical illness attenuates the protective effects of higher SES, female gender, and white identity. Indeed, the most interesting aspect of the analysis was the finding that at high levels of illness, adolescents are relatively likely to engage in nonmonogamous sexual behavior regardless of occupying privileged race, class, and gender statuses.
Given that severe illness is one of the strongest and most honest signals of increased mortality risk, it is, according to the logic of life history theory, unsurprising that we should observe physical illness pervasively eroding the protective effects of social advantages.
Results are consistent with previous research demonstrating that various social disadvantages and adversities are positively associated with sexual risk-taking behavior 2, 4, 25, 26 . Thus, supporting the notion that high levels of environmental uncertainty or harshness can promote fast life history strategies, including heightened sexual risk-taking 3, 10 . Moreover, we found several social advantages to be protective against sexual risk-taking. These include parental education-in accordance with previous literature, this study found that adolescents with highly educated parents were less likely to engage in nonmonogamous sex 3, 10, 27 . Female gender was also found to be highly protective against sexual risktaking. Females were noted to be less likely to engage in nonmonogamous sex when compared to both monogamous sex and abstinence. This finding was expected, as previous research has consistently indicated that women are less receptive to offers of nonmonogamous sex, and more likely to engage in monogamous sex, than men 28, 29 . This is likely due to both social influences constraining young women's sexual behavior, as well as evolutionary influence related to sex differences in required parental investment in the evolutionary environment.
The second substantial finding in this study is the association of physical illness to risky sexual behavior, as measured by nonmonogamous sex, in adolescence and the transition to adulthood.
Previous research has examined the differences in sexual behaviors of adolescents with chronic conditions and disability as compared to their healthier and more able-bodied peers. Much of the research conducted on this topic to date has found that adolescents with physical ailments engage is as much or more sex than their healthy counterparts [30] [31] [32] LHT suggests that this is because the honest signal of physical illness on mortality risk should be a potent trigger of biobehavioral adaptation toward fast life history strategies, particularly in adolescence and young adulthood. That is, illness signals to the organism that their mortality risk is elevated, and thus encourages the biobehavioral adaptation of fast life history strategy to maximize fitness via effortful reproduction 10, 7, 33 . That is not say, however, that there is a general association of health conditions to increased sexual activity. For instance, Kahn and Halpern recently found that among individuals in their 30's, those with physical disabilities were less likely to report having any sex compared to those without disabilities 34 . Future research will be needed to square these findings, and contrasting the current study with Kahn and Halpern 34 indicates several potentially high impact topics for future research including exploring (a) the differential impacts of disability and illness, (b) possible heterogeneity in our nonmonogamous sex finding across developmental periods (e.g., adolescence versus mature adulthood), and (c) the importance of disaggregating the sexually active population into finer grained categories such as monogamous and nonmonogamous sexual activity.
Most importantly, this study found a coherent pattern of attenuation of the protective effects of social advantages by physical illness. Thus, across privileged racial/ethnic, gender, and socio-economic statuses, the protective effects of social advantage are progressively eroded as physical illness increases.
While future research will be needed to replicate and extend these findings, they strongly indicate that the influence of physical illness on risky sexual behavior is pervasive and powerful, at least during adolescence and the transition to adulthood.
Finally, it bears explicitly stating that while we generally frame this analysis in the life history perspective, the findings support a more nuanced interpretation, including the influence of cultural and structural factors, as well as evolutionary ones. For example, our finding that first generation immigrants were less likely to engage in nonmonogamous sex than their native peers contradicts the naïve LHT prediction that individuals facing increased social adversity will be more likely to engage in risky sex.
Obviously, cultural factors are at play in this instance, and in other features of the results, including the observed racial/ethnic differences. This suggests that future research would be well-served by integrating life history perspectives with established sociological paradigms including stigma theory 35 , the weathering hypothesis 36 , and minority stress theory 37 .
Limitations
A primary limitation of this study is the difficulty in adjudicating between theoretical explanations, specifically cumulative stress hypothesis and life history theory. While most of our result support LHT claims, these results may also be explained by cumulative stress/risk perspectives, which posit that the accumulation of stress (i.e., social disadvantage and illness) across development will increase externalizing behaviors (including sexual impulsivity) and lower well-being by eroding psychological resources 38 . However, cumulative stress perspectives do not provide strong predictions regarding sexual behaviors, which are not inherently pathological, rather the theoretical focus in the cumulative stress paradigm is primarily on health outcomes. Moreover, there is nothing in cumulative stress theory that would predict the strong moderating effect of illness on social advantages observed here 3, 38 . Future research will be needed to more fully adjudicate between cumulative stress and life history perspectives on adolescent sexual behavior.
Additionally, due to the nature of retrospective self-report questionnaires, the current study is vulnerable to limitations such as recall bias, which could influence the analysis results. This is a universal limitation of observational research; however, relatively short windows for retrospection (typically 1 year or less), a very large sample size, and repeated assessments per individual ensure that the current study does not suffer disproportionately from this limitation. Another noteworthy limitation stemmed from inconsistencies in measurement across waves in Add Health, which needed to be harmonized to allow proper statistical analysis (e.g., the exact measures of functional limitations varied across waves).
However, the strongest indicator of the physical illness latent variable, self-rated health, as well as some functional limitation items and chronic conditions were assessed at every wave. Psychometric best practices were employed to accommodate variations in the illness indicators data wave collection 39 .
Despite these limitations, the current study provides important insight into how internal predictors, such as physical illness, affect sexual risk-taking behaviors in adolescence.
Conclusion
Research examining risk-taking behavior has emphasized the need to understand how social disadvantage and adversity influences risk-taking behavior. Here we have extended this literature by examining the interacting effects of social and physical adversity on sexual risk behavior. Findings from this study advance our understanding of how illness impacts risk-taking behavior, and notably supports and extends life history theorizing regarding sexual behavior trade-offs in adolescence 40, 41 . These findings suggest the need for further research exploring the relationship between physical illness and risk-taking behaviors across the life course. Additionally, future work in this area should focus on mental health and specific childhood disease states, as well as the influence of culturally specific stressors on life history strategies and risk-taking. Being able to identify adolescents at increased risk can identify areas for intervention from parents, healthcare providers, and policy makers in order to support children's transition into healthy adult lives.
